













































SHAPE  MEMORY  ALLOYS  3-!S	  DE½NITELY  LEFT  THE  RESEARCH 
LABORATORIES ENTERING THE APPLICATION ½LED SINCE THE BEGINNING 
OF  THE  ³S  4HIS  IS  PARTICULARLY  TRUE  FOR  .I4I  WHICH  IS  NOW 
RECOGNIZED AS THE PROTOTYPE OF SHAPE MEMORY ALLOYS DUE TO 
THEIR LARGE RECOVERY STRAINS UP TO 	 RECOVERY STRESS UP TO 
-PA	  AND  LAST BUT NOT  LEAST  ITS  BIOCOMPATIBILITY WHICH 






INCREASING  STRESS  LEVELS  THUS  CONFERRING  THE  ABOVE  REPORTED 
PROPERTIES
)T  WOULD  BE  OF  INTEREST  FOR  MANY  APPLICATIONS  TO  HAVE 




SYSTEMS  KNEW GREAT  FORTUNE ! POSSIBLE  EXPLANATION  TO  THIS 
ASPECT CAN BE RELATED TO THE FACT THAT THE PHYSICAL METALLURGY 
OF  THESE  ALLOYS  IS  NOT  A  SIMPLE  ONE  THE  SYSTEMS  ARE  OFTEN 
INTERMETALLIC IN NATURE AND PRONE TO EXIST ONLY IN METASTABLE 
STATES 
"ASICALLY  THE  PAPERS  DEALING  WITH  GOLD  ALLOYS  THUS  NOT 








INVESTIGATIONS WAS DEVOTED  TO  ITS  TRANSFORMATION PROPERTIES 
AND  THE  PRESENCE  OF  PREMARTENSITIC  EFFECTS  )T  HAS  BEEN 
RECOGNIZED  THE PRESENCE OF  A  COMPLEX  SEQUENCE OF PHASE 
TRANSFORMATION  FROM  A  STABLE  ORDERED  CUBIC  PHASE  AT  HIGH 
TEMPERATURE  !CCORDING  TO  THE  COMPOSITION  OF  INTEREST 
REPORTED IN ;= THE " HIGH TEMPERATURE PHASE TRANSFORMS TO 
AN  ORTHORHOMBIC  T	  AND  MONOCLINIC  T	  STRUCTURE 
7E  INVESTIGATED  THE  COMPOSITIONS  !U#U:NAT 
!U#U:NAT AND !U#U:NAT 4HEY HAVE A CONSTANT 







AND  THE  PROTOTYPE  SYSTEM  IS  !U#U!LAT  )N  SPITE  OF  A 
RELATIVELY  SMALL  COMMERCIAL  FORTUNE  IT  DESERVED  SCIENTI½C 















REMOVED  FROM  THE  FURNACE  AND  PLACED  IN  A  STATIC  ELECTRIC 




&IGURE  	  !CCORDING  TO  THIS  PROCEDURE  THREE  INGOTS  WERE 
PREPARED  WITH  THE  COMPOSITION  REPORTED  IN  THE  TERNARY 
PHASE ON THE TRANSFORMATION SEQUENCE ;= /N THIS SYSTEM 
WE  INVESTIGATED  THE  EFFECT  OF  THERMAL  STABILIZATION  OF  THE 
MARTENSITE WHICH IS KNOWN TO INDUCE IMPORTANT DIFFERENCES IN 
MANY 3-!S )T WAS CONCLUDED THAT IN THE CASE OF 3PANGOLD FOR 
THE  INVESTIGATED  COMPOSITION  THIS  EFFECT  IS  NEGLIGIBLE  ! 
VACANCY  MOVEMENT  MECHANISM  IS  ANYWAY  PRESENT  BUT  IS 








AN  HIGH  TEMPERATURE  "  AUSTENITE  TO  A  "  ORTHORHOMBIC 
MARTENSITE ;= 4RANSFORMATION TEMPERATURES SHOULD BE WELL 
ABOVE ROOM TEMPERATURE ACCORDING TO ;= -S RESPECTIVELY 
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Acronyms: For each sample:
DSC – the specimen used for XRD test
RX – specimen for XRD test
TG – specimen for EDS analysis














DIAGRAM  OF  &IGURE    $UE  TO  THE  IMPOSSIBILITY  TO  PROCESS 
INGOTS  WITH  SUCH  LARGE  GRAINS  THE  SAME  INGOT  WAS  AGAIN 
INSERTED IN THE QUARTZ TUBE QUICKLY REMELTED AND QUENCHED 
IN  WATER  4HE  SAMPLES  NAMED  AS  ±"²  ARE  THOSE  THAT  WERE 
SUBMITTED  TO  THIS  PROCEDURE  4HE  COMPOSITIONS  PREPARED 
WERE  !U#U:NAT  3	  !U#U:NAT  3	 





CONVENTIONAL  MELTING  MACHINE  CAN  BE  DIF½CULT  4HE  ALLOYS 
WERE MELTED IN A NONCONSUMABLE ELECTRODE ARC FURNACE IN !R 
ATMOSPHERE  ¾UXING  MBAR  AVERAGE PRESSURE	  )NGOTS  OF 
ABOUT G MM IN DIAMETER WERE PRODUCED BY SUBSEQUENT 










DIAMETER  AND  EVALUATING  SHAPE  RECOVERY  !S  THE MAXIMUM 
STRAIN  APPLIED  TO  THE EXTERNAL  ½BER OF  THE DEFORMED  SLAB  IS 
EMAX  T2    T	  BEING  ±T²  THE  SLAB  THICKNESS  AND  2  THE 
CURVATURE RADIUS OF THE DEFORMING MANDREL
#HARACTERIZATION OF THE VARIOUS SAMPLES WAS PERFORMED BY 




MICROSCOPY  AFTER  MECHANICALLY  POLISHING  AND  CHEMICALLY 
ETCHING THE SAMPLES %TCHANT USED WAS A TYPICAL ONE FOR .I4I 
(./  VOL  (&  VOL  (/  VOL	  )T  WAS  APPLIED  BY 





&IGURE    SUMMARIZES  THE  CALORIMETRIC  CURVES  OBTAINED  ON 
THREE  SAMPLES  TAKEN  FROM  THE  AS  CAST  ALLOYS  4HE  FOLLOWING 
4ABLE  SHOWS ALL THE RELEVANT TRANSFORMATION PARAMETERS OF 
THE  SAMPLES  IE  THE  TRANSFORMATION  TEMPERATURES  AND  THE 
TRANSFORMATION  ENTHALPY  BOTH  OF  THE  DIRECT  AND  REVERSE 
TRANSFORMATION 4HERE  IS A SINGLE PEAK  IN THE ENTIRE SAMPLE 
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!VERAGE  VALUES  OF  THE  -S  TEMPERATURE  RECORDED  ON  THE  SAMPLES 
INVESTIGATED  %RROR  BARS  ARE  CALCULATED  ON  EACH  SET  OF  SAMPLES  AS  ONE 
TIME THE STANDARD DEVIATION
'OLD "ULLETIN    
#HANGING  THE  !U  CONTENT  FROM    TO  AT  RISES  -S 
TEMPERATURE  OF  #  BUT  A  FURTHER  INCREASE  OF  ONLY  AT 
DECREASES IT BY ROUGHLY # 4HIS IS CLEAR IN &IGURE  WHERE 








PERFORMED  IN  THE AS CAST  STATE  !	 ON A  SAMPLE WHICH WAS 
















4O  INVESTIGATE  IN GREATER DETAIL  THE EFFECT OF THIS  THERMAL 
TREATMENT METALLOGRAPHIC  OBSERVATION WERE  DONE  &IGURE   
COMPARES THE MICROSTRUCTURE OBSERVED WITH A MAGNI½CATION 
OF X IN THE AS CAST SAMPLE A	 IN THE SAMPLE ANNEALED AT 










TAKEN  FROM  A  VIDEO  IN  WHICH  THE  SHAPE  RECOVERY  AFTER  A 
DEFORMATION OF  IS DEMONSTRATED 2ECOVERY IS OBTAINED BY 
¾UXING HOT HEAT WITH A DRYER ON THE SAMPLE WHICH IS MOUNTED 















CONCERNING  THE  TRANSFORMATION  TEMPERATURE  4HIS  TOGETHER 
WITH THE VERY HIGH :N CONTENT POSE SERIOUS PROBLEMS TO  ITS 
METALLURGY  PROCESS  )T  HAS  BEEN  DEMONSTRATED  THE  HOT 





PROCEDURE  STILL  WILL  REQUIRE  A  LOT  OF WORK  )N  THIS  CASE WHAT 
SHOULD  BE  UNDERSTOOD  IN  GREATER  DETAIL  IS  THE  ROLE  OF  .I  IN 
CHANGING THE TRANSFORMATION TEMPERATURES WHEN COMPARING 




TRANSFORMATION  PROPERTIES  4HE  RESULTS  OBTAINED  WITH  THE 
ANNEALING  PROCEDURE  INDICATE  THAT  .I  SEGREGATION  IN  THE 
MATRIX COULD PLAY A MAJOR ROLE )F ANNEAL IS PERFORMED AT A TOO 
LOW  TEMPERATURE  A  TWO  PHASE  STRUCTURE  IS  FORMED WITH  AN 
EXCESS OF .I PRESENT  IN  THE SECONDARY PHASE  )T  SEEMS  THAT 
THIS PHASE IS DETRIMENTAL FOR THE TRANSFORMATION AS PROVED BY 
CALORIMETRIC  ANALYSIS  &IGURE  "	  /N  THE  OTHER  HAND  IF  THE 
THERMAL TREATMENT IS PERFORMED AT TEMPERATURE CLOSE TO THE 
MAXIMUM OF THE SOLUBILITY GAP OF THE !U.I SYSTEM THE INITIAL 
PROPERTIES ARE RESTORED 7HAT  IS NOT STILL CLEAR  IS  THE ROLE OF 




PRESENTED  TO  DEMONSTRATE    SHAPE  RECOVERY  7HAT  IS 
PRESENTED HERE IS ONLY THE INITIAL AND ½NAL POSITION REACHED BY 
THE SAMPLE AT THE BEGINNING AND AT THE END OF THE HEATING 
STEP  0REVIOUSLY  THE  SAMPLE  WAS  COMPLETELY  BENT  OVER  THE 
DEFORMING MANDREL 4HE STARTING POSITION IS REACHED BECAUSE 
&IGURE 
$EMONSTRATION  OF  THE  SHAPE  RECOVERY  FOR  A  SAMPLE  OF  .I4I!U 
DEFORMED AT ROOM TEMPERATURE WITH A MAXIMUM DEFORMATION OF 
&IGURE 
A	  MICROSTRUCUTRE  OF  THE  .I4I!U  ALLOY  CHEMICALLY  ETCHED 
/BSERVATIONS  WERE  MADE  AT  ROOM  TEMPERATURE  HENCE  IN  MARTENSITIC 








REDUCED  IF  THE  MATERIAL  IS  BENT  OVER  THE  MANDREL  AT  HIGH 




ISOTHERMAL  CONDITIONS  .O  QUANTITATIVE  EVALUATION  CAN  BE 
DERIVED  BY  THIS  TEST  BUT  THEY  QUALITATIVELY  DEMONSTRATE  THE 
VERY GOOD SHAPE MEMORY PROPERTY OF THIS ALLOY
#ONCLUSIONS
)T  HAS  BEEN  REPORTED  HERE  ON  RESULTS  OBTAINED  IN  THE 
CALORIMETRIC MICROSTRUCTURAL AND FUNCTIONAL CHARACTERIZATION 
OF  GOLD  ALLOYS  WHICH  HAVE  A  THERMOELASTIC  MARTENSITIC 
TRANSFORMATION AND  FOR  THIS  REASON ARE GOOD CANDIDATES  FOR 
EXHIBITING SHAPE MEMORY ANDOR PSEUDOELASTIC PROPERTIES 
   !U#U:N  IS  A  GOOD  CANDIDATE  FOR  SPANNING  LARGE 
TRANSFORMATION  TEMPERATURE  RANGES  WITH  A  SMALL 
STOICHIOMETRIC  MODI½CATION  ITS  HOT  WORKABILITY  IS  VERY 












ON  THE  TRANSFORMATION  PROPERTIES  HAS  BEEN  ADDRESSED 
AND  A  COMPETITIVE  ROLE  OF  A  .IRICH  PHASE  SEGREGATING 
FROM THE MATRIX SUGGESTED
!BOUT THE AUTHORS
$R  3TEFANO  "ESSEGHINI  RECEIVED  HIS 
3CIENTI½C  (IGH  3CHOOL  #ERTI½CATE  OF 
%DUCATION  FROM  ,ICEO  3CIENTI½CO  #ARLO 
$ONEGANI  4IRANO  3/	  IN    )N  THE 
FOLLOWING  YEARS  HE  READ  0HYSICS  OBTAINING 
HIS  ,AUREA  !PPLIED  0HYSICS  !TOMIC 
-OLECULAR  AND  3OLID  3TATE  0HYSICS	  FROM 
5NIVERSITg DEGLI 3TUDI DI -ILANO  IN  (E SPECIALISED  IN 











$R  &RANCESCA 0ASSARETTI  GRADUATED  IN 
)NDUSTRIAL  #HEMISTRY  3HE  IS  SINCE   
RESEARCHER FACULTY	 IN THE )TALIAN .ATIONAL 
2ESEARCH  #OUNCIL  #.2	  BASED  IN  )STITUTO 
PER  LA  %NERGETICA  E  LE  )NTERFASI  )%.)	 
,ECCO  (ER  RESEARCH  INTERESTS  COVER 
METALLURGY  IN  GENERAL  PRECIOUS  METALLIC 
ALLOYS FOR JEWELRY SHAPE MEMORY ALLOYS AND MICROSCOPY 3HE 
HAS  EDUCATIONAL  RESPONSIBILITIES  AS  CONTRACTED  0ROFESSOR  AT 
5NIVERSITg  DI  -ILANO  "ICOCCA  WHERE  SHE  TEACHES  PHYSICS  OF 
METALLIC  ALLOYS  IN  THE  ±*EWELRY  3CIENCE  AND  4ECHNOLOGY² 
CURRICULUM OF THE -ATERIAL 3CIENCE &ACULTY 
$R  0AOLO  &ABBRO  RECEIVED  HIS  3CIENTI½C 
(IGH      3CHOOL  #ERTI½CATE  OF  %DUCATION  IN 
  IN  !REZZO  4HEN  HE  GRADUATED  IN 
#HEMISTRY IN  IN &LORENCE 3INCE  
HE IS WORKING AT 5./!%22% A WORLD LEADER 
COMPANY  FOR  JEWELLERY  PRODUCTION  )N 
5./!%22%  'ROUP  HE  IS  $IRECTOR  OF  THE 
2ESEARCH    $EVELOPMENT  $EPT  $IRECTOR  OF  THE  &OUNDRY 
&INDINGS AND #OMPONENTS $IVISION AND $IRECTOR OF #HEMICAL 






CONFERENCES  RELATING  THE  MOST  RECENT  WORLD  DISCUSSIONS  ON 
METALLURGY OF PRECIOUS AND NOTPRECIOUS METALS
$R  &RANCA  2ICCIARDI  RECEIVED  HER 
#LASSICAL 3CHOOL #ERTI½CATE OF %DUCATION IN 
  AT  !REZZO  4HEN  SHE  GRADUATED  IN 





PRODUCTION  )N 5./!%22% 'ROUP  SHE WAS  AT  THE BEGINNING 
TECHNICAL  TRANSLATOR  THEN  SHE  RAN  THE 'ENERAL  3ECRETARY  )N 
 SHE BECAME !SSISTANT 0RODUCT -ANAGER OF THE &INDINGS 
AND  #OMPONENTS  $IVISION  )N    SHE  BECAME  0RODUCT 
-ANAGER  AND  -ARKETING  -ANAGER  OF  THE  &INDINGS  AND 
#OMPONENTS  $IVISION  3INCE    SHE  IS  0RODUCT  -ANAGER 
5./!%22% AND $EVELOPMENT 0RODUCT #OORDINATOR OF ½NISHED 
PRODUCTS  -OREOVER  SHE  JOINS  THE  $EPT  OF  2ESEARCH   





AND  IN THE ½ELD OF  TECHNICAL MANAGING OF STATISTICS  REPORTS 
BUDGET AS WELL AS TECHNICALITIES OF PRODUCTION IN GENERAL
$R  %LENA  6ILLA  GRADUATED  IN  0HYSICS 
5NIVERSITg  DEGLI  3TUDI  DI  -ILANO  IN 
  3HE  SPECIALISED  IN  3CIENCE  AND 
4ECHNOLOGY OF 0OLYMERS IN 
3HE  IS  SINCE    RESEARCHER  FACULTY	  IN 
THE )TALIAN .ATIONAL 2ESEARCH #OUNCIL #.2	 
BASED  IN  )STITUTO  PER  LA  %NERGETICA  E  LE 
)NTERFASI )%.)	 ,ECCO (ER ½ELD OF ACTIVITY IS THE MICROSTRUCTURAL 
CHARACTERIZATION  OF  INNOVATIVE  ALLOYS  BY  THERMAL  AND 
MECHANICAL  ANALYSIS    $3#  4'$4!  $-4!  AND  MECHANICAL 
TESTS	 3HE IS INVOLVED ALSO IN THE COLLABORATION WITH DIFFERENT 
KIND  OF  INDUSTRIES  TO  DEVELOP  NEW  INDUSTRIAL  APPLICATIONS  OF 
3HAPE -EMORY !LLOYS
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